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IMPROVED ANASTOMOSIS SYSTEMS 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims the benefit of co-pending U.S. Provisional 

Patent Application serial No. 60/169,104 filed December 6, 1998, co-pending U.S. 
Provisional Patent Application Serial No. 60/151,863 filed September 1, 1999 and co- 
pending U.S. Patent Application Serial No. 09/329,503 filed June 10, 1999 and is 
related to Provisional Patent Application Serial No. 60/1 1 1,948 filed December 11, 
1998, the entirety of each is incorporated herein by reference. 

FIELD OF THE INVENTION 
[0002] This invention relates to devices for deploying and securing the ends 

of bypass grafts designed to provide a fluid flow passage between at least two host 
vessel regions (or other tubular structure regions). More particularly, the invention 
relates to bypass grafts that are secured at target host vessel locations thereby 
producing a fluid flow passage from the first host vessel location through the bypass 
graft and to the second host vessel location. The bypass grafts and deployment 
systems of the invention do not require stopping or re-routing blood flow to perform 
an anastomosis between a bypass graft and a host vessel. Accordingly, this invention 
describes sutureless anastomosis systems that do not require cardiopulmonary bypass 
support when treating coronary artery disease. 

[0003] Current techniques for producing anastomoses during coronary artery 

bypass grafting procedures involve placing the patient on cardiopulmonary bypass 
support, arresting the heart, and interrupting blood flow to suture, clip, or staple a 



bypass graft .o the coronary artery and aorta. However, cardiopulmonary bypass 
support is associated with substantial morbidity and mortality. 
|000 4, This invention provides devices and methods to position and secure 

bvpass grafts at host vessel locations without havng to stop or re-route blood flow. 
Accordingly, tins invention does not re q u,re cardiopulmonary bypass supper, and 
arresting the heart while producmg anastomoses ,o the coronary artenes. In addmon, 
th is invention mftiga.es risks assorted with suturing, dipping, or stapling the bypass 
^ ft to the host vessel(s); namely, bleeding at the attachment sites and collapsmg of 
the vessel around the incision point. 

[0005 , The invention addresses vascular bypass graft treatment regimens 

req uinng end-end anastomoses and end-side anastomoses to attach bypass grafts to 
host vessels. The scope of the invention includes improvements to the systems used 
t0 position and secure bypass grafts for treating vascular diseases such as 
atherosclerosis, arteriosclerosis, fistulas, aneurysms, occlusions, thromboses, and the 
Uke The improvements ,o the bypass grafts and delivery systems of this invenfion 
a,so aidinattaohingthe ends of ligatedvesseK replacing vessels harvested for bypass 
^ing procedures (e.g. radial artery), and re-est^lishing blood flow to branching 
vessels which would otherwise be occluded during surgical grafting procedures (e.g. 
.he renal arteries during abdominal aortic aneurysm treatment). In addftron, the 
invention addresses other applications such as, but not limited to, producing artena, 
t0 venous shunts for hemodialysis patients, bypassing lesions and scar tissue located 
in th e fallopian tubes causing infertility, attaching the ureter to the kidneys dunng 
transplants, and treating gastrointestinal defects (e.g. occ.ustons, ulcers, obstructions, 
etc.). 
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BACKGROUND OF THE INVENTION 
[0006] Stenosed blood vessels eause isehemia potentially leading to fissue 

infarction. Conventional techniques to treat partially or completely ocelnded vessels 
include balloon angioplasty, stent deployment, atherectomy, and bypass grafting. 
[0007] Coronary artery bypass grafting (CABG) procedures to treat coronary 

artery disease have traditionally been performed through a thoracotomy with the 
patient placed on cardiopulmonary bypass support and using cardioplegia to induce 
cardiac arrest. Cardiac protection is required when performing bypass grafting 
procedures associated with prolonged ischemia times. Current bypass grafting 
procedures involve interrupting blood flow to suture or staple the bypass graft to the 
host vessel wall and create the anastomoses. When suturing, clipping, or stapling the 
bypass graft to the host vessel wall, a large incision is made through the host vessel 
and the bypass graft is sewn to the host vessel wall such that the endothelial layers of 
Ore bypass graft and vessel face each other. Bypass graft intima to host vessel intima 
apposition reduces the incidence of thrombosis associated with biological reactions 
that result from blood contacting the epithelial layer of a harvested bypass graft. This 
is especially relevant when using harvested vessels that have a small inner diameter 
(e.g. < 2 mm). 

[0008] Less invasive attempts for positioning bypass grafts at target vessel 

locations have used small ports to access the anatomy. These approaches use 
endoscopic vtsnalization and modified surgical instruments (e.g. clamps, scissors, 
scalpels, etc.) to position and suture the ends of the bypass graft at the host vessel 
locations. Attempts to eliminate the need for cardiopulmonary bypass support while 
performing CABG procedures have benefited from devices that stabilize the motion 
of the heart, retractors that temporarily occlude blood flow through the host vessel, 



and shunts that re-route the blood flow around the anastomosis * Stabilizers - 
relractors sflfl retire significant time and complex,* to expose the bos, vesse, and 

suturethebypass graft » - « — — "° t0nly ^ ,0theCOmP t 
^ ,ength of .he procedure, but they retire a secondary procedure to Cose the 
rnsertion sites proximal and distal to the anastomosts site. 

(00091 Attempts to automate formation of sutureless anastomoses have 

c u,minated into mechamca, stap,in g devices. Mechantca, stapling devices have been 
pr0 posed for creatmg end-end anastomoses between the open ends of transected 
vessels. Berggrenet a,, propose an automatic stapling device for use irt microsurgery 
(see e g u,. Patents NO, 4,607,637, 4,624,57, 4, 917> 0 9 0, and 4,9,7,091). Thrs 

vessel ends are fed through lumens in the sections and everted ove, the pins. Th* 
stapli ng devrce maintains intima-to-mtima apposition for the severed vessel ends u, 
^alarge profile and requires impaling the everted vesse, wal, with mepms.U.S. 
Patent No. 4,2,4,537 to SaKtna describes a mechanical end-end staplmg devrce 
teig ned to reattach severed vessel, Tbrs device has a wfie wotmd rnto a zigzag 
pattemtopemnt radial motion and contains pinsbonded to the wire that are used to 
penetrate tissue. One vessel end rs everten over and secured to the pins of the end- 

d ev,ee and attached with the pin, Another mechanical end-end device ma, inserts 

5 503 635 to Sauer e, al. Once portioned, the mating pieces snap together to bond 
fce vessel ends. These end-end devices are amenable to reattaching severed vessels 
Ware not suitable to producing end-end anastomoses between a bypass graft and an 
intact vessel, especially when exposure to the vesse, is limited. 



[0010] Mechanical stapling devices have also been proposed for end-side 

anastomoses. These devices are generally des.gned to insert bypass grafts, which can 
be attached to the mechanical devices, into the host vessel through a large incision 
and secnre the bypass graft to the host vessel. Master describes vascular stapling 
apparatus for producing end-side anastomoses in U.S. Patent Nos. 4,366,819, 
4,368,736, and 5,234,447. Raster's end-side apparatus is inserted through a large 
incision in the host vessel wall. The apparatus has an inner flange that is placed 
against the interior of the vessel wall, and a locking ring that is affixed to the fitting 
and contain, spikes that penetrate into the vessel thereby securing the apparatus to the 
vessel wail. The bypass graft is itself secured to the apparatus in the everted or non- 
everted position throng the use of spikes incorporated in the apparatus design. 
[0011] U.S. Surgical has developed automatic clip appliers that replace suture 

stitches with clips (see, e.g., U.S. Patent Nos. 5,868,761, 5,868,759, and 5,779,718). 
These clipping devices have been demonstrated to reduce the time required to 
produce the anastomosis but still involve making a large incision through the host 
vessel wall. As a result, blood flow through the host vessel must be interrupted while 
creating the anastomosis. 

[0012] U.S. Patent No. 5,695,504 to Gifford et al. discloses an end-side 

stapling device that secures harvested vessels to host vessel walls while maintaining 
intima-to-intima apposition. This stapling device is also inserted through a large 
incision in the host vessel wan and uses staples incorporated in the device to 
penetrate into tissue and secure the bypass graft to the host vessel. 
[0013] Walsh et al. propose a similar end-srde stapling device in U.S. Patent 

Nos 4 657,019, 4,787,386, and 4,917,087. This end-side device has a ring with 
tissue piercing pins. The bypass graft is everted over the ring; the pins then penetrate 



the bypass graft thereby secunng the bypass graft to the ring. The ring is inserted 
through a large ineision ereated in the host vessel wall and the tissue piereing pins are 
used to puneture the host vessel wall. A elip is then used to prevent dislodgment of 
the ring relative to the host vessel. 

[0014] End-side stapling deviees require insertion through a large ineision, 

which dietates that blood flow through the host vessel must be interrupted during the 
process. Even though these and other clipping and stapling end-side anastomotic 
devices have been designed to decrease the time required to create the anastomosis, 
interruption of blood flow through the host vessel increases the morbidity and 
mortality of bypass grafting procedures, especially during beating heart CABG 
procedures. A recent experimental study of the U.S. Surgical ONE-SHOT 
anastomotic elip applier observed abrupt ventricular fibrillation during four of 
fourteen internal thoracic artery to left anterior descending artery anastomoses in part 
due to coronary occlusion times exceeding 90 seconds (Heijmen ct al: "A Novel 
One-Shot Anastomotic Stapler Prototype for Coronary Bypass Grafting on the 
Beating Heart: Feasibility in the Pig" J Thorac Cardiovasc Surg. 117:117-25; 
1999). 

[00151 A need thus exists for bypass grafts and delivery systems that are 

capable of quickly producing an anastomosis between a bypass graft and a host vessel 
wall without having to stop or re-route blood flow. These anastomoses must 
withstand the pressure exerted by the pumping hear, and ensure blood does not leak 

from the anastomoses into the thoracic cavity, abdominal cavity, or other region 

exterior to the vessel wall. 
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SUMMARY OF THE INVENTION 
(00161 This invention provides improvements to the sutureless anastomosis 

systems that enable a physieian to quickly and accurately secure a bypass graft to a 
host vessel or other tubular body structure. The delivery systems of the invent.on do 
no. require stopping or re-routing blood flow while producing the anastomosis; 
current techniques require interrupting blood flow to suture, clip, or staple a bypass 
graft to the host vessel wall. 

[0017] The fittings of the invention are intended to secure biological bypass 

grafts, obtained by harvesting vessels from the patient or another donor patient, or 
synthetic bypass graft materials to a patient's host vessel. When using harvested 
vessels, the fitting embodiments must accommodate a variety of harvested vessel 
sizes and wall thicknesses. When using synthetic bypass graft materials, the fittings 
may be incorporated in the bypass graft design to eltminate the step of attaching the 
bypass graft to the fitting prior to deploying the bypass graft and fitting. 
[0018] One aspect of the invention provides improved fitting embodiments 

designed to compress into a reduced diameter while attaching the bypass graft to the 
fitting and/or deploying the fitting through the delivery system. Once deployed, the 
compressible fittings of the invention expand towards their preformed geometry such 
that they exert radial force at the vessel attachment sites; this helps maintain the 
patency of the anastomosis. 

,0019] Another aspect of the invention provides additional angled fittings 

designed to produce anastomoses between bypass grafts and host vessels such that the 
angle between the bypass graft and the host vessel reduces turbulent flow near the 
anastomosis. The angled fittings may also be designed compressible. 
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,0020] Another aspect of the invention includes improved support devices 

capable of secunng the end-side fitting to the host vessel and providing a smooth 
trans.tion from the anastomosis site to the body of the bypass graft. 
imn A further aspect of the invention involves deployment sheaths that 

facilitate remov.ng ftom around the bypass graft after mserting and secunng the end- 
side fitting. Vanous deployment sheath embodiments utilize locking mechamsms to 
maintain pre-split deployment sheaths in a closed orientation. The loctag 
danisms facilitate remova. with minima, force, whtch is preferred to current 
spHttable sheaths that require substantial effort to tear the hub, valve, and sheath. 
[00221 Additional sheathless anastomosis embodiments are disclosed whtch 

vessel without having to insert .he fitting through a deployment shea*. Additional 
end-side fitting embodiments mat are able to screw through a small opening in the 
hostvesselwafiwithorwithouttheuseofagnidewirearediscussed. Otherend-s.de 
fitting embodiments that are able to advance through a smafi opening in the host 
vesse! wall with the use of a guidewire or dilator without having to rotatetheend-s.de 
fitting are also discussed. 

[0023] Further features and advantages of the inventions will be elaborated in 

the detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00241 Figure la shows a splittable deployment sheath. 

[0025] Figure lb shows a separable loading sheath. 

[0026] Figure 1 c shows a plunger. 



[0027] Figures Id and le show the operate of the loading sheath and 

plunger. 

[0028] Figure If shows the operation of the deployment sheath of Figure la, 

the , loading sheath, and plunger. 

[0029] Figure 2a shows a splittable "Y" deployment sheath. 

[0030] Figure 2b shows the components of another deployment sheath 

embodiment. 

[0031] Figure 2c shows the intact deployment sheath of Figure 2b. 

[0032] Figures 2d and 2e show an additional deployment sheath embodiment. 

[0033] Figure 2f shows another deployment sheath embodiment. 

[0034] Figure 3a shows an end-side fitting embodiment. 

[0035] Figure 3b shows a close-up of two alternative petal embodiments used 

with the end-side fitting of Figure 3a. 

[0036] Figure 3c shows the end-side fitting embodiment of Figure 3a 

configured for small or medium sized vessels. 

[0037] Figures 4a to 4c show split-wall end-side fitting embodiments having 

compressible/expandable stems. 

[0038] Figure 5a shows an end-side fitting embodiment having curved petals. 

[0039] Figure 5b shows a side view overlapped with a flattened profile of the 

base of an angled end-side fitting embodiment with a straight or triangular junction 
from the base to the petals. 

(0040) Figure 5e shows a side view overlapped with a flattened profile of the 

base of an angled end-side fitting embod.men, with a curved or sinusoida. junction 
from the base to the petals. 



[0041] Figures 5d and 5e show S1 de views of the end-side fitting bases of 

Figures 5b and 5c positioned along a host vessel wall. 

[0042] Figure 5f shows a flattened view of an end-side fitting embodiment 

having a curved junction between the base to the petals. 

[0043] Figures 6a and 6b show an end-side fitting embodiment that is able to 

accommodate a range of bypass graft inner diameters. 

[0044] Figure 7 shows a small vessel end-side fitting embodiment having a 

funneled stem. 

[0045] Figure 8 shows a dilator deployment device. 

[0046] Figures 9a and 9b show the deployment of an end-side fitting using the 

dilator deployment device of Figure 8. 

[0047] Figure 10a shows another small vessel end-side fitting embodiment. 

[0048] Figure 10b shows the deployment of the end-side fitting of Figure 10a 

using the dilator deployment device of Figure 8. 

[0049] Figure 1 1 shows a small vessel end-side fitting embodiment fabricated 

from a sheet of material preformed into the desired shape. 
[0050] Figure 12 shows a dilator deployment device having a cutting edge. 

[0051] Figure 13 shows a slotted deployment sheath for positioning bypass 

grafts attached to small vessel end-side fittings. 

[0052] Figures 14a to 14f show an end-side fitting capable of being deployed 

over a guidewire and the deployment steps to position and secure the end-side fitting. 

[0053] Figure 15a shows a screw-in end-side fitting embodiment. 

[0054] Figure 15b shows an alternative screw-in end-side fitting embodiment. 

[0055] Figure 16 shows an end-side fitting with a support device having a 

funneled proximal end. 



[0056] Figure 17a shows a support device having a partially slotted side and a 

funneled proximal end. 

[0057] Figure 17b shows another support device having a separate sealing 

device. 

[0058] Figures 18a and 18b show a slotted end-side fitting having a funneled 

proximal end. 

[0059] Figure 18c show a reinforcing structure to secure the support device of 

Figures 18a and 18b. 

[0060] Figure 18d shows a slotted end-side fitting incorporating a reinforcing 

structure. 

[0061] Figure 19 shows a curved support device having a funneled proximal 

end. 

[0062] Figures 20a to 20c show alternative support device embodiments. 

[0063] Figure 21 shows an expansion tool to open up the support device for 

placement over the stem of the end-side fitting. 

[0064] Figures 22a to 22d show an everting end-side fitting that does not 

require a separate component to secure the bypass graft. 

[0065] Figures 23a to 23e show the components and operation of another 

everting end-side fitting embodiment. 

[0066] Figures 24a to 24b show a flared, compressible inner piece used to 

secure the cut distal end of a bypass graft within an end-side fitting and isolate the cut 
end from blood flow. 



DETAILED DESCRIPTION OF THE INVENTION 
[0067] The fittings and deployment systems of the present invention are 

intended to produce anastomoses between bypass grafts and host vessels to treat 
vascular abnormalities such as stenoses, thromboses, other occlusions, aneurysms, 
fistulas, or other indications requiring a bypass graft. The systems of the present 
invention are also useful in bypassing stented vessels that have restenosed, and 
saphenous vein bypass grafts that have thrombosed or stenosed. Current approaches 
for treating stenosed stents have not been successful at safely and reliably removing 
the lesion and opening the vessel lumen. Therefore, the approach described by this 
invention, which produces a blood flow conduit around the stented lesion, mitigates 
concerns associated with damaging the stent or forming emboli while removing 
deposits attached to the stent. The same argument holds true for saphenous vein 
grafts that have restenosed or thrombosed. 

[0068] The embodiments of the invention also provide mechanisms to secure 

branching vessels to a replacement graft during surgical procedures in which the 
branching vessels would otherwise be occluded from blood flow (e.g. reattaching the 
renal arteries, mesenteric artery, celiac artery, and intercostal arteries during treatment 
of abdominal aortic aneurysms that are pararenal, suprarenal, or thoracoabdominal in 
classification). The embodiments of the invention also enable reattaching the left 
main artery and right coronary artery during aortic root replacement procedures. 
[0069] The inventive fitting and delivery system embodiments discussed 

herein are directly amenable to robotic surgery and less invasive (i.e. minimally 
invasive) surgery involving a thoracostomy or mini median sternotomy to access the 
anastomosis site. In particular, the fittings and delivery system embodiments of the 
present invention enable automation of the attachment of the bypass graft to the 



r ltti „g espeoia.lv when cons.denng ,he use of the loadmg sheath and/or end-s.de 
fittings capableofbeing advanced over a guidewire as described below. In add-on, 
the deploy, and secunng systems of the invenfion are significant,,, eas.er to 
automate than conventional suturing. 



Bypass Grafts 

,0070, The bypass graft of the present invention may he a synthehc graft 

nratena,, harvested vessel, or other tnbn.ar body structure, dependmg on the 
indication for use. The harvested vessels may be an interna, mammae artery, 
nresenteric artery, radia, artery, saphenous vein or other body tubing. Harvested 
vesseis may be dissected, using newer minimally invasive, catheter-based technics 

invention are designed , attach bypass grafts to host vessels (or other tubular 
Shares). The fittings used to position and attach such bypass gmfts are extensrons 
of the cone, and gromme, embodrments described in U.S. Patent Application Senal 
No 08/966,003 filed November 7, 1997, and fire fittings described in U.S. Patent 
Application Serial No. 09/329,503 filed June 10, 1999, the entirety of each a^whrch 

(e g harvested vessels) over currently available synthetic materials rs the reduction m 
finombosis especially when using small diameter (e.g. <- 2 mm) bypass grafts. 

positioning and securing a„ types of bypass grafts, brological and synthehc. 

,0071, Synthehc bypass grafts may be manufactured by extruding, injectton 

urethane, po.yamtde, polyrm.de, nylon, silicone, polyethylene, collagen, polyester, 



-13-- 



PET con.posi.es of these representative materia,, or other suit* graft matenaf 

of th e stated manufacturing processes. The s.des of sheet materia, may he bonded 
using radtofremtency energy, laser welding, ultrasonic welding, thermal bonding, 
sewing , adhesives, or a comhination of these processes to form tuhing. The synthehc 
by pass gra.1 may he coated, deposed, or impregnated with materials such as 
paralyne, heparin solutions, hydrophdic solutions, tluomboresistance substances (e.g., 
gly coprotem fib/ma inhibitors), antiproltferative substances (e.g., rapamycm), or 

urease the patency of synthetic bypass grail, In addition, synthetic bypass grafts 
may b e seeded with endothelial cells, or other biocomparible materials that further 
make the inner surface of the bypass graft biologically inert. 

,0072, Theprimary advantage of synthetic bypass graft materials is the ab.hty 

robondthebypass graft ,o the fittings prior to starting the procedure or to incorporate 
t he fittings into the bypass graft by motion molding, adhestve bondmg, or other 
manufacturing processes. Currently, synthetic bypass grafts are indicated for blood 
v esse,shavmgmediu m a n d,argediarneters(e,.>Sn U n),suchasperiphera,ves* 

mbular structures such as fire fallopian tubes, or shunts for hemolysis. However, 
medical device manufacturers such as Possis Medical, Inc. and Thoratec Laboratories, 
mc are evaluating syrrthefic bypass grafts for corona^mdications. In this disclosure 
* the accompanying drawings, reference to bypass graft may pertain to erfcer 

specifically stated. 

(0073| As discussed in co-pending U.S. Patent Apphcatton Sena. No. 

0.932,566 filed September ,9, .997 and co-pending U.S. Patent Applicauon Sena, 
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u n 1QQ7 quooort members may be incorporated into 
No 08/966,003 filed November 7, 1997, support me 

b etween .ayers of graft materia,. The synthetic graft encoding support — 
may be fabricated by — g, spraying, injection mo.ding, or d.pptng a pnnwy 

dipping a secondary fayer over the graft —support memher combinatron . The 

„), or po lym er (e.g., ny.on or po.yester); however, the support — s 

bypass graft by maintaining hnnenai patency, offering fiexibiiity, and tncreasrng *. 
Ingth. Support memhers fabrrcated ftom memory eiasttc aftoys (such as - 
ntaniu m) exhibtting seduced martensite characteristics firrther remforce the 
bypa ss graft and/or vesse, waft and prevent permanent deforming upon exposure 
externa, force, Such support members aiso permit compressmg the bypass graft mto 
a low proftie dunng depioyment through the host vesse, waft; the support memhers 
urge the bypass graft to expand towards its preformed conftguratton after 
constraining means (e.g., delivery system) is removed. 

End-Side Fittings 

, 0074] The end-srde fittings of the present invention are preferahi 

titanta n>, —tic (e.g., PTFE), thermoset piastic (e.g., 
terephtha ,a,e, or poiyester), siiicone or combinatton of the aforementtoned n— 
J. composite stmcture; other matenais may a,,ernat,ve,y be used. Tor exampie, 
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fittings may be coated with materials such as parafyne or other hydrophilic substrates 
mat are bio,o g icaUy inert and reduce the surface friction. To further reduce the 
surfa ce tenston, metafile or metalUc aUoy fittings may be electropol.shed. Evtdence 
sugg ests that eiectropoiishing reduces platelet adbeston because of the smooth 
sur face. Alternatively, the fittings may be coated with heparin, thrornhoreststance 
stances (e.„ glycoprotein Kb/Ufa inhibitors), antiprohferative substances (e.g 
ra pamycin>, or other coatings designed to prevent thrombosis, byperp.as, or platele 

ves se, AKemattve.y, a material such as p.atinum, gold, tantalum, tin, fin-mdmm, 

or other materia,, may be depostted onto the fitting surface using electing, 
ottering vacunmevaporatiomionassistedbeamdeposition, vapor deposition,^ 
Iping, boronation technics, a saU bam, or other coating process. A sU» firth r 

sid e fitting, A beta or gamma source .sotope having an average half Ufe of 
approximatelyiSdayssnchasPhosphorous.orP—.OSmaybep.acedon^ 

base and/or petals of the end-side fitting using an ion-implantation process, chermca, 
adhesion process, or other suitable method. 

, 0075! The fittings consist of one or more components designed to secure a 

^sgrafitothefittingandthefitttngtothehos, vessel wal, to produce a flmd fight 

prod nce end-side anastomoses for medtum and sma„ dtameter vessels e.g 
penphera, vessels and coronary vesse.s) where retrograde hlood fiow ts essenttal, and 
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md , de ^stomoses for large d,ame,er vessels (,,, the aorta, Theftttnags an 
d e,ivery system described below may be modrfied to accomodate end-end 
^o.nosesbyreducingore—g.hepe.a.s^fl.edes.g.. 
l00761 Retaming cUps may be used to secure the bypass graft to the ou.e 

surface of th e eud-s.de ffttrng. The retaining chps m ay be fabrtcated from a meta 
thermoplastic material, — , silicone, or composite. The retammg chp 
pr eLb,y peruut appro— 30 % en.ar.emen. in d.ameter 
ermanelfty deformed. Cue re-ug chp embodrment „ a preshaped — 
Ldbeyondasingle turuaudha.ugra.used edges 

fa , .„„ the materi al to sufficient thermal euergy to 

into a desired geometry and expostng the matena. 

the materia, into mis predetermined shape. This process applies to 

Hi g clip conation is expanded, thereby enlarging the diameter or the 
Iluch. Once.eretamin g c,ipispositioned,,hc f orcecausingmere«m»g 

clip embodiment is shown ,u Pignre ,Sc. This returning chp has two ra.a, w 
ldmg j ustbe y ondoneha, f o f aturnandseparatedbyacurve d ,in k .Asw,nbe 

;::r ^ - - ^ — — - - 

Ln the extenor o f the base or stem o f the ftttmg. The bypass graft is secure 
arou » d thebaseo f fttt,ngu S1 n g reta l uingchps asdescnhed above. Thebypass graft s 
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sutu re, rmplantab.e dips, or staples. The base of the fitting and/or the retammg c,,p 
may contain tabs or other securing structures designed .clock the bypass graft ,o the 
base of the fitting. The base of the fitting may alternatively incorporate radral 

embodiment. Alternatively, notches may be fabricated in the base of the fitting and 
adapted to accept the retaining clip. The notches reinforce the compression fit 
between the bypass graft and the base of the fitting by positioning retainmg clips m 
to indentsdefined by the notches. The baseoftire fitting and the retaking clip may 
alternatively be configured to match, once deployed, especially when the fitting and 
retaining clip are expandable/compressible. The base of tire compressible fitting 
defines spaces 92 (shown ,n Figures 4a and 4c); the retaining clip may be designed to 
position extensions of the retaining ctip (matching those of the fitting) within these 
spaces 92, further locking the retaining dip to the fitting and enhancing the bond 
between the bypass graft and the fitting. 

, 0078] End-side fitting embodiments, shown for example in Figures 4a to 4c 

pattern and thermally formed into the desired cross-sectional geometry (crcular 
elliptical, or other shape,. The sides of the fitting may be bonded to form an endosed 
tube or may be formed w„h a gap between oppos.te srdes to enable compressing the 
fitting into a reduced d.ameter for positioning the bypass graft over the base of the 

th e expanded diameter of the fitting. Such compressible fittings also facilitate sizing 
issues since they accommodate a wide range of bypass graft sizes. 
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, 0079| To produce these end-s.de fittings, sheet stock may be fahncated into 

the desired pattern by chemica, etching, electrrcal discharge -nachhnng (EDM), iaser 
dnUtng or other manufacturing process. The end-side fitting is then wrapped around 
a mandre. having the desired resting cross-secfiona, profile and the end-s.de fittmg ts 
h ea.ed unfii it assumes this configuration. If the sides are to he bonded, spot weldtng, 
,aser welding, or other manufacturing process may he employed. Alternative*, the 
fitting may be fabricated from a <ubu,ar metal materia, having the desired cross- 
sectiona, geometry, using chemica. etching, EDM, laser drilling, or other 
^factoring process to form the desired pattern. Again, me fittmg may he formed 

int0 a complete tube or may incorporate a gap between opposite sides to make the 
fitting eompresstble. When forming the resting configurafion of fire compressible, 
split-wall end-side fitting, a gap is produced between opposite sides. The gap 
between the sides of the fitting permtts compressing the end-side fitting into a 
red „ced diameter. This facilitates positioning fire bypass graft over the base of the 
fitting and/or advancing the fitting through a delivery system having an mner 
diameter less than the outer drameter of fire fitting in its expanded, restnrg 
configuration. In addition, mis helps size a single fitting configuration to 
accommodate a wide range of bypass graft sizes. 

,00801 The split end-side fitting embodiments, as shown in Figures 4a and 4b, 

m ay be desrgned with improved compressibility and expandability due to the 
geometry ofthebase or stem 80. Asopposed to so.elyrelying entire widthofthe gap 
and the ability of the sides of the fitting base to spiral into a compressed drameter, as 

is the case for a sohd base, the spaces 92 in the base 80 are configured to perm,. 

additional enlarging or compressing of the base using an external force. 



, 0081 , Theexpandable/compress.b.eend-sidefU.ing.naybeexpanded.ntoan 
e^edd.a.e,. so .ebaseofthef^^bep.acedove.abypass^ evened 
or positioned overacenfta, member. When.be externa, force expanding the fitttngts 
r e m oved,thee„d.s,def,tt, ng compresses the bypass graft against the centra, member, 

a ™,;tv. a fluid-tight, compliant matenai 
well as the petals if desired) may be covered with a fluid Ugh P 

t.risl The covering over the base of the fitting 
such as silicone, urethane, or other matenai. The coven g 

may be formed by dtpping, injection moldmg, or other suitable manufactunng 
proc es, Utscovenngenab.es the base of the fitting to compress and expand whtle 
staining me leak resistance of the anastomosis and bating the cut end of the 
bvnass graft from blood. 

I 21 ln addition to or instead of making the base of the end-side fiftrng 

expandabWcompressthie/the centra, member may be fabricated so it can be 
— «-~ fci -- ta, ** ,,, * ,,4, -' ,, * i * 
ring216 containin g an overiap 200 bebveenoppostte sides. The sphtnngs2,2 and 
216 are connected with at least one curved link 208. Two such links 208 are shown 
figure 24a separated by space, For applications in which the bypass graft ts not 

ttao ugh„ut the centra, member where the endothelium of the bio.ogica, bypass graft 
is exposed to blood flow. 

, 00831 To compress the centra, member ,96, oppostte sides are sptraied 

inw ard thereby causing the outer d.ameter to decrease. At tbts point the centra. 
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and abutting the distal end of the fitting. After positioning the centra, member, the 
exte rna, force causmg the centra, member to compress is removed, causmgthe centra 

scenarios, the centra, member may be compressed to evert the bypass graft after 
nrserting the b.oiogica, bypass graft through the inmen of the centra, member; the 
centra, member is constrained in a reduced diameter configuration whi,e the bypass 

.wards its preformed shape. The central member and everted bypass graft may be 
posmone^withinthe end-side fittingwrth or without the centra, member (and everted 
byp ass graft) compressed into a reduced diameter configuration. A„emative,y, an 
eX pandab,e end-side fitting may be eniarged in drameter for positioning over the 
central member and everted bypass graft. 

|0084) For situations in which the biological bypass graft is not everted, the 

cut end ofthe bypass graft should preferably be isolated from blood flow because of 
fce mherent thrombogenicity of substances secreted through severed ends of cut 
vessels and the vessel epithelium. Therefore, the distal ring 212 of the centra, 
number 196 (shown in Figure 24a) may also contain a flared dista, end 204 that 
contacts the distal end of me end-side fitting, once positioned, and isolates the cut end 
ofa b iologica,by P assgraftmat,snoteverted,asshowninFigure24b. 
(00851 The petais in many of these fitting embodiments are shown strarght 

0e atanang,eofzero degrees from the baseof.be fining). During manufacture, the 
petals may be thermally formed such that the petals contact the interior surface of the 
host vesse, once the fitting is mserted through the host vessel wa„. The petals, 
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fitting ,„ .heir resting orientation, more preferably between about 30 and ! 50 degrees, 
also eontpress into a reduced outer diameter configuration during depioymen. through 
aehvery system and expand towards their resting configuration once deployed ms.de 
th e host vesse,. The number of petals mcorporated in the end-s,de fitting destgn 
depends on the srze of the bypass graft and the size of the host vessel. In the 
exemplary embodmrent shown in Figure 3a, eight petals 44 are used, although the. 
number of petals can vary srgmfican.ly (e.g., as l.ttle as one or two to as many as 
sixt een or more) and still be within the scope of the present invention. After 
advanctng the fitting through the deployment sheath turd past the host vessel wall, the 
fitting* advanced beyond the end ofthe deployment sheath, no longer constratned by 
the deployment sheath confines, thus allowing the fitting to expand towards its resttng 
configuration. The bypass graft and fitting combination is then gently retracted to 
engage the interior vesse, wall with the petals 44. For mechanica, securing, a support 
device (not shown) is advanced over aird locked to fire fitting thereby compressmg the 
vessel wall against the petals 44. 

,0086] The thickness, length, geometry, and width of the petals determme 

tbeir spring characteristic and stiflhess. Extremely stiff peta,s 44 hinder advanemg 
, he end-side fitting through ,ong dep.oymen. sheaths. To address this, a number of 
solutions can facilhate deployment of the end-side fitting. For instance, Ftgurcs 3a 
and 3b show slots 84 and holes 88 that may be incorporated in tire petals 44 to tatlor 
tfieir stiffness throughout the petal length. The thickness CD and/or width (W) may 
be tapered from the base of the fitting and extending distaUy along the petals, as 
shown in Figure 3a, to vary the stiffness profile of the petals. As shown in Figures 4a 
and 4c the petals 44 may be fabnca.ed with distal ends having a radrus so the petals 
00 not catch onto the intenor surface ofthe deployment sheath, which could restst 
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P l — used while a, the san,e tfine tnaintaining hemostasis between ~ 
0 of the end-stde fitfing 40 ana the host vesse, wal, , . As shown - Bg re 

CC— - ~ — «— * - dis,ai ends ; 5 tav, i 

jo,—, -p--— — u8h :rni 

^esUtoUand as described be.ow, the decent system tnay be mod.fied 
44 &om within the confines of the deployment sheath. 

; g7) The base of the end-side fitttn g may be itnptoved to maxnm ,h 

sh owsthebase80ofanangledfi.tin g inwhichthe ) nncuon82betweenth 

vessel wafi 1 with a sharp distal tip 85 and fonns a gap 86 between th 

Jen the pmction 8, and the host vesse, wa„ . produces gaps for blood to « 

l^^.^ i .-*--.«-*««-'- ta0 • ,to ■ ,, - ,- " 
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ri^— — — -.^nr: 

, ntenor surf ace e f ,ne hos, vessel - .. As — - 

c „ defin-ng » innetion S3 — the oase - the petals * - 

equation: 

.aefittingbase — orisUger.han^di^terof.hehostvesse.. A. 

P .. No 09/329 50 3,thebaseoftheend-sidef 1 ««ngmay 

pending U.S. Application Senal No. 09/3^,d 



vessel having a matching or smaller diameter. 

|0089) F i gu re 5 fshowsanang.eaen d -sidef lt .ing f ormedw,«h,he J une t ,onB3 

inth e fl a,tene d onen,at 1 on.Foreompa ri scnpu r poses,a tri angu 1 ar ) unet 1 onpro fl e^ 
.^sto—ehenveenthe areas where g aps or points would be created .f a 

,v w.nfthe fitting and the host vessel; other 
,o produce a 45-degree angle between the base of the fittmg 
^es ma y — he produced. The iUustrated ang,ed end srde fihm 

borate other featores. The sinusoid, or otherw.se curved .unctron S3 ma, b 
seated into the end-side fitting whfie forming « > « ~ — - 

fM formed into the desired geometry as described above. Mso as p— 
led end-srde fittings formed fiom fiat sheets ma, have the base bonded m an 

expandablearrdcoUapsiblecbaractensticinthebaseofthefittmg. 
[0 90) Pigures ». to » show an altematrve embodiment for an en -s. 

l n, This end-stde fitting W * fonned fiom a compnant mater,a, wrth 
Jrtmernbers.Shavinganremo.eiaaticch— .Thesuppo* — 
18 L shaped to form the end-stde fitting mto me geometr, shown m mgure^h 

of the stra.gh.ened end-side fitting .34 and is wrapped around the d.sta, end of the 



end . sid e fttttng .0 return — its pre— conftguration an, causmg - 

Th e evened ^functions - P^s »d produces a structure to prevent puftmg 

aesen.ed^asnppo.de.eern^eadvaneedoverandsecnred.o.^aaeSOof 

th eend-s l defi tt inglB4.oseeu r e«he fi ttin g .othehostvesse,waU. 

[0091] Another embodiment to evert bypass grafts and produee end-stde 

^ is ftrst everted aronnd a centra, member « (sbown in Figures 23a and W 
L an end-side fttftng 40 (shown in Figures 23c - 23d) is advanced over the 
cen^member.d^mec^memberwimevertedb^g^e- 
side ftttmg. The centra! member « becomes att^hed to the end-s.de ftmg 
^^--dparfta.^nndtheoentrmmemberthereb.^.tm 
Le The petais 44 ma y .tend partial ,ound the centra, member or ma y be 

of a surface to contact the interior of the host vesse, waft. Once posted «m>ugft 

th e end-side ftttmg geometry, is ,oc*ed to the base SO or the fttting nsmg tabs * 
Xhls compresses the host vesse, waft between the peta>s 44 (and centra, member, 
the support device 132. 



, 00921 The fttings in accordance with tbis invention may be used ,„ any 

CO mbmation to secure bypass gratis at discrete - vesse, ,ocations. tit addit.cn, 
synthe tic and bio.ogica, bypass grans may a,so be nsed in any —on wrflr tbe 
ffaft fittings to produce fluid flow passages a r ound vascu.ar abnormatitres durmg a 
particular procedure. 



Support Devices 

10093! After positioning *e end-side fitting inside the vesse, such that the 

bas eof tbe flttinge.tendsth.ughtbeopeningintothehost vesse, wafl and,hepeta.s 

cont ac, the intenor surface o f the host vesse,, the support device is position^ over 
fcebaseofthe fitting and ,oc k ed in p,ace. The end-side fittings may incorporate tbs 
1 Af „a v\r ?3e> threads (not shown), or other 
136 (as shown for example in Figures 14f and 23c-23e), threa 

Tabs ,36 are preformed so they protrude radiafly front tire base of tire fr.n o 
provideantec^tosecu.ti.esuppondevice.on^sitionetidistidtotire^ 

X.e tabs are a,so prefembby fabricated flon, a memory e,as,ic materia, to .neonate 
. spring characteristic permitting the tabs to be compressed into a reduced dtameter 
du »g decent. Of course, tbe tabs do no. need to be fbbneaied from memo, 

t0 fecihtate htserting tbe base of the fitting through the de.ivery system and expan 
t0W ards then preformed conflguration once me fitting is portioned and the externa 
^compressingthetabsrsremoved.Thetabsa.efabticatedbycreatingtbedes.re 

pattem in the fitting matena, by ,aser dtifling, chemica, etching, EDM, or other 
^factoring process, whether fitting is fabneated as a sheet or tube. Alternatively, 
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welding, laser welding or other suitable manufacturing process. 
, 0094) The support dev.ce is alternatively locked to the hase of the fttt.ng 

U5ing adhesive,, .mplantahle cl,ps, staples, sutures, or other attachment mean, The 
supp „ rt dev.ce of the illustrated emhodtment .ncorporates an outer comphan 

^morve.asriee.reused.om^nmeposirionof^supporidevicerefauveto^ 
.sselwallandpreventpermanentdeformationofme support device when expanded 

dev ,ee is preferably fabricated as a cot, wttH approximately 1 bam. Thus support 
^eoverthesideoftheend-sidemUngbaseorthesideofthebypassgraft. Tm 
eliminates the need to preload the support device over the bypass graft. The 

, n terface between host vessel walls and the petals of end-s.de fttbngs havmg 
size ofthe bypass graft. 

[0095l The support dev,ce may —very be —ted from polymers 

such as polypolyemylene, polycarbonate, PEEK, silicone, mcxe, utaruum, sprtng 
stain ,ess steel, other alloy, combinarion ofthe aforementioned matenals, or o*er 

ia~a mllpd or otherwise formed into a 
materia, that may be extruded, injecuon molded, rolled, 

tub e havtng the des.red cross-secriona, profile. h addition, the support dev.ce ma 
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p e m Ua irt o d , f& se i n,o t ,ssuecove r ea byth e S uppo rtd ev 1 ce.T h epo reSK e m ^e 
. h.gh as approximate* LOO pm as long as the porosfty ,s chosen such that Hoc 
do es no. continual, leax through the support Oev.ee. If the pore size is chosen sach 
.HaUtcon.p.ete.y — MooO flow even when the porosh, is ex tt e m e ly h Ig h then 

the pore size needs to be less than approximately 8 pm. 

, 0096! An alternative support dev.ce is shown in Frgures 18a and b. Tins 

.pportdevicemhasadistal flared end 156 to fcnprove mehemostasis of the end- 
sld efl«ing,abasethatcontains notches 1,0 to accept re t a.nrn g clips for 
m e f,mngbase,as,otl5 2 through one side to pern* advancing over the s, e „ th 

flow profile transihon ftom the anastomosis to the body of the bypass graft. ^ 

perm* advancing over me side of the fittmg base, and a fimneled proxrmal en 
Liflon ftom the anastomosis to me bypass graft and provide a stram re ef 
^^gofmebypassgrafl.Asshownwitbf.tting.Oand.afllOOmBgu, 

L, the su PP or, device ,32 prevents dramatic overexpaasion of the bypass ^ 
improvl „g the transition from the anastomosis to Ore body of me bypass graft. * 
transI Uo„ is parucularly important when using harvested vessels such as 
saphenous vein as the bypass graft. 

100971 Wben exposed to arteria, blood pressure, saphenous vems tend 

other unwanted physio.ogrc —he, By creating a smooth transmor m 
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compliance mismatch are substantially mitigated. The returning dip 164 shown ,„ 

,60 of the support dev.ee ,32 to prevent axial movement of the retaining eiip and 
supp „rt deviee from the hase of the fining. Aiternatively, as shown in F.gure 18d, the 
retaining ehp .64 may he encapsulated inside the stem of the support devrce 132. 

device is fabricated from compliant materials. 

,0098] Support devices that have a slot 152 to permit advancing over the s,de 

of Ore fitting hase or the srde of the bypass graft may incorporate a latclung 
nanism to locx the edges that define the slot 152 together. This eliminates the 
need to use another lochrng mechanism such as a retaining clip, suture, implantable 
clips, staples, or other device. 

,00,9] Figure 21 shows an expansion tool 168 used to open the slot of the 

support device for positioning around thebaseofthe end-side fitting. Knobs 171 and 
m are connected to two sections 180 of expansion too, 168. Sections 180 form a 
slotl7 6alon gt he distal end and an indentation or Knge 24 around which the sections 

causing Uresupportdevice to expand. After positioning the support device, the force 
causing the knobs to push inward is removed, allowing the expansion too, 168 to 
retU rn towards its reduced drameter, resting configuration. This expansion too, may 

an A drle fittine base, or central members 
also be used to expand the retaining rings, end-side fatting , 

described previously. 

,0100, Figure 19 shows an alternative support deviee ,32 that has a curved 



-30-- 



bypass graft along a predetermined curve. 

,01011 Figures 20a to 20o show additional support devtce embedments. Of 

parttcular note, the curvature of the support dev.ee (shown in figures 20a and 20c) 

generafty match that of the host vessel to ensure adequate hemostasis a. the 
anastomosis and contact between the support device and the host vessel wall. 
(0102, The support devices desenbed above may also inelnde one or more 

notches 54 on the interior surface to accept retaining clips 30 used to secure the 
bypass graft to the base of the fitting, as described above and shown in Figure ,7b. 
Tbe interior notches 54 are configured to be placed over the retaining clips 30 and 
mai „,ain consistent contact with the base 80 of the fitting. Otherwise, the retaimng 
cli ps 30 may cause the support device 132 .0 bulge away from the base of the fittmg 
in the region where the retaining clips are located. The support device 132 shown m 
Figure 17b may additionally include an interface sea!er 50 designed to fttrther 
euminatebiood leakage at the opening between the host vessel wal, 1 and the base of 
the fitting. The interface sealer 50 may be positioned at the opening between the base 
of the fitting and the host vessel wall prior to positioning the support device 132 such 
« the interface sealer 50 ts constrained by the distal flared end 1 56 of the support 
device ,32. The interface sealer 50 may he fabneated from collagen, fibnn 
structures, or other matenals known to promote cellular growth or plate.e, adbeston 
and resu.t.n sealing or stab.lizatton of.be anastomosis s„e. The interface sealer 50 ts 
preferably compliant and capable of deforming to match gaps or voids between the 
opening through the host vessel wall and the base of the fittmg. 



Deployment Systems 

101 03, Conventional anastomos.s techniques require a relatively large 

incl s,on through the vessel wal, and use sutures, commercially availab.e dips, or 

sta p.ing devices to bond the end of the bypass graft to the edges of the punch created 

in the vesse, wall, to certain cases, the structura! tntegri.y of the vesse. wal. may be 

weakened, causing the vesse, to cohapse at the anastomosis site. This is eapeeially 

w when me bypass graft is not appropnately aligned to the host vessel incs.on. 

Therefore, the deployment system of the present invention is desired to qmckly 

access the bos, vesse, throngh a smal, puncture in the vesse! waft. 

dep ,„yment system is desired to prevent excess blood ,oss when accessing the host 

vessel anddeploying me bypass graft and fining combinatmn, thereby eUminating me 

need to stop or re-route Mood flowing through the host vessel. This approach a!so 

proves the ,eak resistance around the fitting due to elastic compression of the 

vessel wall around the fitting and automatical* aligns the bypass graft to the host 

vessel wall at the anastomosis site. 

,0,04] For surgical applications, physicians are able to access the anastomosts 

sites from fire exterior surface of the host vessel The decent system of the 

svstem leverages conventtona, intravenous access techniques to produce an openmg 
toough the host vesse, wail. Guidewrres have commonfy been used to gain access 
int0 the host vesse, after puncturing the bos, vesse, wa„ with a need.e. In additton, 
the technique of inserting a sheath into a host vessel by advancmg it over a dilatmg 
onanism and a guidewire is commonly used when performing the Seldmger 
technique during catheterization procedures. 
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,0105] The sheath and dilating mechanism of the deployment system may be 

constructed from polyethy,ene, polycarbonate, PEEK, or Cher polymer that may be 
extruded or injection moided into a tube having the desired cross-sectiona. profi.e. 
The sheath and dilating mechanism of the deployment system may mcorporate a 
bratded, woven, or wound layer laminated between two polymer layers to res.st 
kinking and improve the column strength and torque response. A taper and radms 
may be formed in the components of the deployment system by thermally forming the 
tubi » g into the desired shape or incorporating such features in the injection moldmg 
cast In addition, the components of the deptoymen. system may incorporate a softer 
distal tip fabricated by thermally bonding a short section of lower durometer tubing to 
the sheath or tapering the thickness of the sheath tubing. 

[0106 , To prevent tire backflow of blood through deployment sheaths, 

hemostatic valves may be used. The hemostatic valves prevent blood leakage but 
permit insertion of a devrce such asafittingwith an attached bypass graft through the 
sheath The hemostatic valve of the delivery system of the invention also 
incorporates a mechanism to separate along at least one side and remove from around 
th e bypass graft. To accomplish this, the hemostatic vatve is attached to the hub of 
the sheath and includes a mechanism to separate along at least one srde. To 
.ncorporate a splitting mechanism in tire deployment sheath, at least one groove, 
series of perforations, slot, slit, or combination of these features are incorporated m 
the sheath tubing and hub member. The at leas, one groove, senes of perforahons, 
s,„t slit, or combination of these features may be fabricated while injection moldmg 
„ otherwtse manufactunng the sheath tubing and/or hub, or may be formed m the 
assembled sheath by subsequent laser drilling, milling, or other smtable 
manufacturing process. 



,0,07) The petals of the end-side fitting are compressed forward, into a 

redneed outer dtameter while inserting the end-side fitfing, with bypass graft attached, 
through the sheath of the deployment system. To facifi.ate this step, a loading sheath 
,6 (shown in Figures lb and le) may be used to maintain the petals in the compressed 
onentafion, open the hemostattc valve to access the interior of the deployment sheath, 
and provrde a smooth transition from the in.enor of the loading sheath to the in.enor 
of the deployment sheath. The loading sheath 16 also protects me bypass graft while 
inserttng throngh the deployment sheath. The proxhnal end of the loadmg sheath 16 
incorporates wings 12 separated by approximate* 45 to 135 degrees. The wings 12 
are squeezed together to open the slot 20 through the loading sheath 16 for 
positioning aronnd and removing the loading sheath from the side of the bypass graft. 
A longitudinal indentation 24 provides a pivot around which the sections of the 
Wading sheath are rotated to open the slot 20. The wings 12 also provide a stop to 
prevent advancing the loading sheath past the proximal end of the deployment shea*. 
[0108] Figure 1c shows a plunger 28 used to advance the end-side fitting and 

attached bypass graft past the end of the loading sheath 16. The ptanger 28 has a 
proximal handle 32 used to pnsh the distal end of the ptanger thereby me end-s.de 
fitting and attached bypass graft past the distal end of the loading sheath 16. The 
plunger further incorporates grasping legs 36 that are tapered in thickness and are 
separated radtally around the plunger so as to accommodate variances in .he outer 
diameter of the end-side fitting and/or enable grabbmg the end-side fitting wtthout 
damaging the dev.ee dunng deployment. Another plunger embodiment (no. shown) 
ma y be configured exactly like the loading sheath, described above, except wtth a 
slightly smaller outer diameter so it can fit inside the loading sheath 16. 



, 0109 , As shown in F.gures Id to If, .he ioadmg sheath .6 and piunger 28 

operate together ,0 faciHtate advancing the end-s.de fitfing and attached hypass graft 
throug h the dep.oytnent sheath 4 (shown separate, with w.ngs » art sph ^ 

clos ed to prevent one of the compressed petafs 44 from extendtng through the 

it from around the bypass graft. As shown in Figure If, the loading sheath, with the 
petals 44 of the end-side fttftng compressed ,to a reduced diameter, ts a — 
toou gh ftte depioyment sheath 4 such that the dtstai end of the ioadmg sheath . 
abuts , extends heyond, or approximates the dtstai end of the depioytnen shea* . 

. loading sheath and depioyment sheath where the petais 44 expand towards 
Mentation ^s memodo.ogy ^ advancmg me end-side «ng omy 

sh eath4 b efore the petais 44 extend past the distai ends ofthe.oadmg sheath, and 
i„ After posittomng the end-side fitting inside the host vesse,, the 

Z-»~»~ M *" M ~?r?zz 

Id-side fitttng as a support dev.ce is postfioned and iocxed to the ase of *e e 
sidefitting . ^rsecnongmeend-stdefitt.ng.thedepioymen.sheath ,s sph, on 
at lea s, one stdeSand removed from around the hypass graft. Then the wmgsno 

*. ioadtng sheath ,6 are squeezed to open the iongitudma, s.ot 2 0 and prov.de 
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opening terete the Loading sheath from around thebypass graft. Then theplunger 
28 , also having a s,ot defining a .ongftndinal opening, is pulled from around the 
bypass graft. 

,01111 Alternative deployment sheaths are shown in Figures 2a to 2e. In 

Frgure 2a, the deployment sheath 48 is configured with a seeond port 56 branching 
fiom the removable per, 52 used to advance the end-side fitting and attached bypass 
graft into the host vessel. The branching port 56 is used to provide an access through 
which the dilator is placed. As a resu.t, the end-side fitfing (no. shown) may be 
goaded into the removab,e port 52 of the deployment shead, before the deployment 
sheath is advanced over a dilator and into the host vessel. This decreases the need to 
,oad the end-side fining after the deployment sheath is positioned, and prevents blood 
leakage during the loading step. 

[0112] Tailoring the force required to tear removable sheaths is dtfficult, and 

the leverage a surgeon has remotely hinders this aspect of the deployment sheath. 

Figures 2b to 2e show two deployment shea* embodiments involving pre-sph. 

deployment sheath halves held together with perforated tubing 60. These deployment 
sheaths are pre-split along at least one side with fine perforated tubing 60 maintainmg 
.he pre-split deployment sheaths as intact units and providing a leak-resrstant bamer 
a.ong fire at leas, one split side. When the deployment sheaths are fabricated as two 
halves (two longitudma, splits sides) as shown in Figures 2b and d, indentations 72 
.nd protrusrons 76 mat match the indentations are included in the deployment sheath 
sections. This helps onen. the sheath halves and enhances the leak resistance when 
the halves are locked together. The perforated tubing holding the pre-sph, 
deployment shea«hs4,ntact maybe fabricated fiom PET, PTFE, or other material that 
ma y he mechamcally drilled, etched, laser drilled, or perforated using su.table 



m anufacturing processes. Preferably, the perforated tubing 60 is fabricated from a 
heat shrink tubing such that is can be easiiy positioned over the pre-spli, deploy. 
sh eath 4 and thermally shrunk to bond the pre-spli. sheath as an intact urn,. The 
perforated tubing 60 may meorporate extens.ons 68, which may extend substantial,, 
pas, the proxima, end of the sheath (not shown), to tear the tubing a.ong the 
perforates 64. Tbrs permits remote separation of the deployment sheath 4 w„h 
s^hcantly less force than the removable sheaths that are fabricated as intact urn, 

sheath embodiments, the perforated tubing 60 is prefembly bonded to the sections of 
,he deployment sheath using ultrasomc welding, adhesives, thermal bondrng, .aser 
welding or other suitable manufacturing process. The perforated tubing 60 may 

additionally follow the contours of the pre-spli. sheath as shown inFignres 2d and 2e. 

This deployment sheath embodiment is removed by pulling the wings 1 2 apart, whrch 

eauses Ore perforated tubing 60 to separate along Ore perforations 64, simrlar to 

unzipping a zipper. 

,01.31 The pre-spli. deployment sheath embodiment shown in Figures 2d and 

2e may be modrfied to replace the perforated tubing with .he support devree 132, as 
shown in Figure 2f. The support devrce ,32 indudes a flared distal end 156 (as 
described above) and may include other features of support devices, described above, 
such as a tunneled proxima, end (not shown), notches, etc. The support devrce ,32 
maintains the pre-sph, dep.oyment sheath 4 in a closed position until the support 
device is advanced pas. the drsta, end of the dep.oyment sheath and onto the base of 
.he end-side fitting. This simultaneous* secures the end-side fitiing to the host vesse, 
and enab,es removing the deployment sheath from around the bypass graft. Thrs pre- 
spli t deployment sheath 4 may have one or more longrtudina, sptits permitting 
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form ,ng an opening a,on g a, leas, one s.de to rem ove the deploymen. sheath from 
around the bypass graft. 

[01141 In an alternative pre-spli, dep.oyment sheath embodiment, the 

deployment sheath 4 is fabncated with a longitudinal sptit along one side. The stde 
oppostte of the longitndmal split incorporates a htnge 24 for separation sumlar to ma. 

incorporate a mechatical latching mechan.sm capable of causmg the s.des to engage 
andloc* together; this provides a hemostatic barrrer along the split. The edgesofthe 
spHt side may be grooved or incorporate matching raised and detented areas to ah*, 
fce edges of the spli, side when closed. After positioning and seeming the end-srde 
fitting the wings .2 are squeezed together cansing the latching mechamsm .0 
disengage and the ionptudinal side to open, thus permitting removal of the 
deployment sheath from around the bypass graft. 

[0U5 , An additional deployment system embodiment no. shown incorporates 

a screw-in mechanism similar to mat described for the screw-in end-srde fining such 
firat the deployment system may be advanced, with or without the aid of a guidewne, 
through a small opening in the host vessel wall, without me need for a drlator. 

|0U61 These deployment sheath embodiments may be used with the loadmg 

sheath and plunger as previously described. 

Sheathless End-Side Fittings 

, 0117| As previously discussed in co-pending U.S. Patent Apphcat.on Senal 

No 09/329,503 filed June 10. 1999 and co-pendmg Provisional Appl.cation Sena, 
No 60/H1.948 filed December 11, 1998, each of which is incorporated herem by 
reference, end-side fining embodiments havmg specific characteristics may be 



inserted through a small puneture wtthout the need for a dep.oyment sheath. Ftgure 
15a shows a screw-in end-side fitting 40 that meets these requirements. The screw-m 
end-side fitting incorporates a mechanism to follow a guidewire and/or open a 
puncture through a host vessei wa«. In this embodunent, a hole 88 (which ts 
preferably, bu, not neeessanly, oval) in the leading petal 144 is adapted to follow a 
gutdewrre previously inserted through the host vessel wall and into the lumen. The 
guidewire, previously inserted throng the host vessel wall using a need.e, is mserted 
through the hole 88 such that when the end-side fitting is angled, the distal Up of the 
,eading peta. 144 follows the surface of the guidewire. This produces a smooth 
transition from the guidewire to the leading petal 144. As the end-side fitting rs 
ro tated, me .eading petal expands the opening through the vessel wall. Upon further 
rotation, the remaining petals 44 (which are curved to follow the opening through the 
host vessel wall) further expand the opening causmg the petals to advance mto the 
interior of the host vessel. When the end-srde fitting is fully rotated 360 de^ees, the 
entire end-side fitting is positioned inside the host vessel. Then a supper, devrce, 
previously dtscussed, is advanced over the base of me end-side fitting and is .ocked » 
p,ace to maintain the position of the end-side fitting and prevent blood leakage from 
between the opening through the host vessel wall and the exterior surface of the base 
of the end-side fitting. 

[01 181 Another screw-in end-side fitting embodiment is shown in Figure 15b. 

A gap 228 is defined between the leading petal 144 and the trailing petal 236. Slots 
84 extend around the end-srde fitting separating the petals 144, 44, and 236 to 
increase flexibility and limit the surface area of petals exposed within the vessel. An 
outer connecting link 232 improves the torque response of the fitting for advancmg 
the end-side fitting through the puncture and into the host vessel. Ahole80may also 



b e incorporated so the end-side fitting fo.lows a guidewire during insertion through 
and dilation of a puncture. 

,01191 Figures 14a to 14f show another system for inserting an end-s.de 

fitting without requinng the use of a deployment sheath. As previous!, discussed, a 
gul dewire 140 is mserted through the host vesse, wall 1 and into the host vessel 
intenor The end-side fitting has a distal ho.e or aperture 88 to pass over the 
g uidewtre and a proximal hole or aperture that also accepts the gu.dew.re. The dtstal 
hol e 88 provides a smooth transttion horn the guidewire 140 to the leadmg petal of 
the end-side fittingto readily advance the leadittg petal 144 through the opening tn the 
host vessel wall 1. The .eadmg peta. 144 has a smooth transition to the base of the 
end-side fitting to dilate the opening while the end-side fitting is advanced over the 
guidewire and throng me host vesse, wall opening. The cross-section (not shown) of 
leading petal 144 is an arc having a radius of curvature that approximates the 
^usofcurvatureofthe host vessel.. Thus, when the end-side fitting is completely 

surface of the host vessel. The leading petal 144 may he slightly squeezed together 
(by hand or using clamps or the fixe) to produce a better transition from the guidewtre 
t0 the hase of the fitting. Once the end-side fitting is advanced until the base 80 of 
the fitting restdes approximate the opening through the host vessel wall, tire rear petal 
44 must he advanced through the opening. As shown in Figures 14c and 14d, the reax 
peta. 44 can he deflected towards the hase 80 of the end-side fitting using the 

fire end-s,de fitting is advanced through the host vesse, wall. The rear petal 44 ts 
destgned so it ts capable of bending towards the base of the fitting bu, is unable to 
re adily deflect towards the leading petal 144. Thts anchors the end-s.de fitting tnstde 
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the hos, vessel once the rear petal 44 is advaneed through the host vessel wall. 
Preferably, the length of the rear petal 44 is less than the d.ame.er of the hos, vessel 
and is positioned so the rear petal 44 may be advanced through the opemng without 
the .eading petal 144 or base of the fitting having to deform the posterior surface of 
the host vessel. Once portioned entirely through the host vessel wall, a support 
device 1 32 is used to lock the end-srde fitting inside the host vessel and prevent blood 
.eakage between the opening through the hos, vessel wall 1 and the base 80 of the 
end-side fitting. Tabs 136 anchor the support device 132 in place, compressing tire 
host vessel waU against the leading petal 144 and rear petal 44 of the end-side fitting. 
[01201- As a result of the sheathless deployment process, ,hese end-srde 

fittings may be fabricated using any biocompatible material (e.g. nickel titamum, 
PET, FIFE, urethane, silicone, polyester, etc.) or their composites via manufacturing 
processes such as injection molding, blow molding, dipping, etc. In addition, mis 
mitigates concerns of maximum strain imposed on tire petals (when made of certam 
materials) when compressing the end-side fitting into a reduced diameter for 
advancing through a deployment sheath. 

(01211 Another sheathless end-side fitting is shown in Figure 7. This end- 

side fitting is designed for small vessels. The petals 44 are configured to pass through 
an opening and into the host vessel while being constrained with a dilator or tns.de 
slotted tubing. As a result, the base 80 of tire end-side fitting does not need to pass 
through the lumen of a deployment sheath. This enab.es the inc.usron of desrgn 
features that would otherwise be difficult to implement and real.ze. For example, tire 
base 80 of the fitting may incorporate a funneled proximal transition section 104 for 
accepting bypass grafts having a larger cross-sectional diameter than mat of.be host 
vessel ,o whrch the end-srde fitting becomes attached. This is especially relevant 
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when cons.denng .hat saphenous veins are oriented with the target diame.er end 
attaohed to the coronary artenes because of the va,ves that need to be oriented so they 
pert™, blood to flow from the aorta to the coronary artery. In addition, many 
phys.c.ans elect to use overbed bypass grafts (especially when using syn.heuc 
trials) to minimize the po.entia. for thrombos.s of the bypass grafts. As a result, 
the cross-sectional dtameter is larger than that of the host vessel and the bypass graft 
needs to be ovalized or otherwise altered to produce the anastomosis. 
[0122] Figure 8 shows a dilator 108 used to advanced the end-side fitting 

shown in figure 7 into the host vessel. The dilator includes a hub 1 1 2 for the 
physician to remotely mampulate the dtlator, a tapered distal end 116 to dilate the 
operang through the vessel wall, and a lumen (not shown) so the dilator maypass 
over a guidewire or needle and through the opening into the host vessel. Figure 9a 
shows fire end-side fitting supported on this dilator for deployment into the host 
vessel wail. Once positioned, the dilator is removed, leaving the end-side fitting 
inside Ore host vessel wall as shown in Figure 9b. Figures 10a and 10b show an. 
alternative end-side fitting embodiment and deployment process. In this case, the 
end-side fitting is oriented so the proximal end of the fitting is inserted firs, into the 
host vessel, over the dilator. 

[0,23] Undercer.aincircums,ances,i,ispreferred,ha,medi.atorbee q uipped 

standard dilator 108 with a movable cutting element 120 that is capable of maktng a 
longitudinal incision through the host vessel wall. 

[0124] As opposed to advancing the petals 44 of an end-side fitting over a 

dilator, the petals may be constrained tns.de a slotted tubing 124 as shown in Figure 
,3. The slotted tubing 124 contains an opening 128 through wh.ch .he end-side 
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fitting may be advanced into the hos, vessel The slotted tubing 124 is inserted over a 
d „ator and into the hos. vessel. Onee tns.de, .he dilator is removed and the end-s.de 
fitting is advanced. The fron, pe.al(s) and side pe.a.(s) are easi.y advanced into the 
host vessel, bu. .he rear petals must be deflected forward using a style, or deflect 
towards the base of the fitting as prev.ously described. To remove the slotted tubrng 
, 24 from around the end-side fitting, the slot 128 is positioned around the base of the 

opening through the hos, vessel wall by the drameter of the s.otted tubing, whtch 
c„u,d permanently deform the opening through the host vessel waU and hmder 
fiemostasis between theopening and the base. Once the end-side fitting is completely 
posrtionedmsidemehostvessehasupportdevice^ot shown) is.ocked to thebaseof 

, he end-side fitting compressing the host vessel wall against the petals of the end-stde 

fitting. 
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